Th e di ssoc ia ti on co nsta nts of s ix di s ub stituted a nilin es and of fiv e di s ub s titut ed ph e nols in a qu eo us so lution a t 25°C hav e bee n meas ured u sin g th e s pec troph otome tri c method. Co nsid era tio n is give n to th e ex t ent to whi c h these di ssoc iati o n co nstants can be predicted from co rrespo ndin g values for monos ub s titut e d anil in es and Dh en ols . In additi on , th e qu esti on as to wh e th e r th e pK value of a su b· stituted anil ine c an be pred icted from th e pK value of a phenol with subs titu ents in the sa me position s is also inv es ti gate d. ~ Key W ord s: Di ssociation co ns ta nt, subs titute d a nilin es, s ubs tituted ph enols.
Introduction
In an earlier paper [l]i the res ults of meas ure me nts of the pK values of th e six di c hloroa nilin es and th e s ix dic hlorophe nols in aqueous solution at 25°C have been re ported. The conclusion s drawn from thi s work can be s ummarized bri e fl y in two stat e me nts.
In the first place, th e pK value of an yo ne of te n dichlorosubs tituted co m po und s ' (2,6-dichloroaniline and 2,6-dic hlorophenol bein g exceptions) co uld be predi cted knowin g th e pK value s of th e monos ub stituted chloroco mpounds. This utilizes an additivity rule whi c h can b e illu strated as follows; th e pK valu e of phe nol itself i.s 9.998, that of m-chlorophe nol is 9.130 and that of p-chlorophe nol is 9.418 [2] . Thus, m-Cl s ubs titution lowers the pK value of phenol by 0.868 and p-Cl s ub stitution by 0.580. If the substituent effects were s trictly additive, 3,4-dichloro substitution should lower the value of pK by 1.448 and the pK value of 3,4-dichlorophenol should be 8.550. The observed value is 8.585, differing from the calculated by only 0.035. The additivity rule predicts pK values with an accuracy whi c h varies from 2,4-di c hloroaniline (PKobS = 2.02, pKcatc = 2.03) to 2,3-dic hloroaniline (PKO bS = 1. 76, pKcaic = 1.92). Only in th e c ase of 2,6-di c hloroaniline and 2 ,6-di c hloroph e nol did the additivity rule fail to predict the observed value within th ese limits , the differ ence betwee n observed and calc ulated pK valu es be ing 0.28 in the case of 2 ,6-dichloroaniline and 0.27 in the case of 2,6-dichlorophe nol. In these two instances we have compounds with three substituent groups in adjacent positions, Cl, NH2 (or I Figures in brac ke ts indi ca te th e lit erature refe rences at t he e nd of thi s paper, OR), Cl, and it is not s urpri sing that th ere s hould be steric e ffects whi c h int e rfe re with the additivity relation.
Secondly, it was found that a linear relationship exis ted between the pK value of a di c hloroanilin e, pKA , and th e pK valu e of the co rres pondin g di c hlorophe nol, pKp. This co uld be expressed b y th e equ ation pKA = -9.047 + 1.401 pKp.
For example, it was found that pKp was 6.791 for 2,6-dichloroph e nol , whe nce thi s equ a ti on gives pKA = 0.467. Th e ex perime ntal value is 0.422. It s hould be noted that this relation s hip hold s for 2,6-dis ubstituted compounds, although the additivity rule , mentioned above, fails in this instance. These conclusions are valid for a particular class of disubstituted anilines and phenols, the dichloro com-I pounds. It is of interest, however, to inquire whether they have application to a wider group of disubstituted anilines and phenols. For this reason , measure-i ments have now been made on a group of disubstituted compounds in which the substitue nt groups are -Br, -CI, -CH3 , and -N02• 2. Experimental Procedure 2.1 . Materials 4-Chloro-2-methylaniline hydrochloride was recrystallized twice from 80 percent ethanol , Cl found 19.92 perce nt , calc 19.91 percent, E2 2,510 at 291 mJ-t in alkaline solution. 2,4-Dibromoaniline was recrystallized first from heptane and then from a mixture of heptane and petroleum ether, mp 80°C, E2 
Outline of Method
The principle of the spectrophotometric determination of a pK value is as follows. Consider three solutions of a phenol, all at the same stoichiometric concentration. Let there be added to one enough acid to convert the phenol entirely into the molecular form, HN. To the second let there be added sufficient alkali to convert the phenol entirely into its ionized form, N -. Let the third contain a buffer solution in which the phenol is present partly in its molecular form and partly in its ionized form. Let a be the degree of dissociation of the phenol. Then if D! , D 2 , and D, respectively, are the optical densities of these three solutions , measured at the same wavelength in cells of the same length, it follows that
where p(aHY cll is a characteristic of the buffer solution employed and Y designates an activity coefficient.
Accurate values of the pK are obtained if a = 0.5 , which means that pK should be approximately equal to p(aHYcl). Thus, the measurement of the pK value of a phenol is best performed with a buffer solution which satisfies this condition. The buffer solutions used in this work were (1) an equimolal mixture of potassium dihydrogen phosphate and disodium hydro· gen phosphate, p(aHYcl) = 7.0; (2) a mixture of tris(hydroxymethyllaminomethane (m) and its hydro-
The p(aHYcl) values of the buffer solutions depend on the concentrations of the buffer constituents; the requisite values have been tabulated by Bates and Gary [3] . These p(aHYcd values are altered to a small extent by the phenol in the buffer solution whose dissociation into hydrogen ions increases the acidity of the buffer solution slightly. The correction to the p(aHYcl) values has already been considered [4] .
It would be expected that the last term in eq (3) would be either small or negligible; in the former case an extrapolation can be made to give the true value of pK at infinite dilution. For the phenols studied in this work, the value of pK proved to be independent of the buffer concentration, indicating that the last term of eq (3) was negligible and, therefore, the best value of pK was assumed to be the average of those found at different concentrations of the buffer solution.
The dissociation of the anilinium ion or a substituted anilinium ion can be represented as with a dissociation constant (4) or pK=-log mH + -Iog a/(l-a)
This dissociation constant for the process
The pK values of most substituted anilines are less than 3 and it is therefore preferable to make measurements in solutions of a strong acid of known concentration. In this work, hydrochloric acid was used. Then , if mHCl is the stoichiometric concentration of hydrochloric acid added to the aniline solution and m is the stoichiometric concentration of aniline, mlj+ in eq (5) can be equated to mHC1-m(l-a). Agam it is desirable to use hydrochloric acid solutions of (2) concentration such that a = 0.5. If dilute solutions ' of hydrochloric acid are used, the last term of eq (5) should be negligible and this proved to be the case. But if pK was small, so that moderately concentrated solutions of hydrochloric acid had to be used, as in
which can be written as (3) the case of 2,6-dibromoaniline and 4-methyl-2-nitro-aniline, this term could no longer be neglected and th e tru e value of pK had to be obtained by extrapolation of [-log m H + -log (XI (1-(X)] to zero acid concentration; this procedure has already been used for 2,6-di c hloro- [3] and the activity coefficient term c an be written
where A is the parameter of th e Debye-Hii c kel eq uation (0.5108 kg-1/2 mole l /2 at 25 °e).
Results and Discussion

1. Additivity Effects
The detailed e xpe rim e ntal results are given in tables 1-11 and s ummarize d in table 12. Th e pK value for 4-methyl-2-nitrophenol is ta ken from a previous publication [5] . Table 12 also co ntain s values of pK calc ulated on th e assumption that th e effect of double substitution in an aniline or phe nol can be co mpounde d as the s um of th e separate monos ubstitution effec ts.
Thus th e pK value of phe nol itself, 9.998 , [2] is raised to 10_287 in o-cresol, [6] th e subs titution e ffec t of th e o-methyl group bein g -0.289 ; th e pK valu e of pc hlorophe nol is 9.4h [2] so th a t th e sub stitution effect of the p-chloro group is 0.580, If th ese e ffects are strictly add iti ve, the co mbin e d e ffects of a-methyl and p -chloro s ubstitution should be 0.29 1 giving pK = 9 .707 for 4-chloro-2-methylphenol, which agrees very we ll with the observed value of 9.706• Substituent effects were calculated from the pK values of a-nitro phenol [7] , m-nitrophenol [8] , and m-nitroaniline [10] ; for other groups the data of Biggs [6] or of Biggs and Robinson [2] were us ed.
Inspec tion of table 12 shows that the additivity rule holds with varying degrees of success. It is remarkably good with 4-chloro-2-methylphenol and 4-methyl-3-nitrophenol and not so good with 4-methyl-2-nitrophenol. It is possible that the additivity rule fails when bulky ort ho substituted groups are present beca use these can produce s teri c inhibition of resonance. Thus the rule fails badly with 2,6-dibromoaniline and 2,6-dibromophe nol as it does with the corresponding dichloro compounds [1] and with 2,6-dinitrophenol [10] . Perhaps th e mos t remarkabl e failure of additivity is found with 4-methyl-2-nitroaniline; th e additivity rule holds for the corresponding ph e nol with only moderate s uc cess.
TABLE 1. Dissociation constant of 4-chloro-2·methylaniline
Ani lin e co nce ntration 2.27 X 10-4 M , cell len gth I e m. wavelength 29 1 mIL . 0, 0, 0 , 0.569 
TABLE 8. Dissociation constant of 2,4-dibromophenol
Phenol co ncentration L 76 X 10 -" M t ce ll le ng th I e m, wavf" length 309 I11IL, Dl 0 .007 , D2 0.652 Th e buffer solution s we re mixtures of tris(hydrox ymeth yl)a mino methane (Ill) and it s hydroc hloride (O.9845m ). / = O.984Sm. 
with a = 1_293 and b = 8_254. This equation is esse ntially an ex pression of the Hamm e tt Rule [ll] . It enables the pK value of a s ub stituted anilin e to be predicted from the pK value of th e correspondin g phenol (or vi ce vers a) with an average diffe rence between observed a nd calc ulated values of 0_07 7 , the smalles t differen ce bein g found in th e case of p-nitro sub stitution (0.00 1) and the greatest in the case of 6 ,--------,--------, --------,--------, --------, 2,6-dibromo s ubs titution (0. 206) . In a pre vious publi cation [1], a similar lin ear relation ship was di scussed but two linear e quations were propose d , one for th e monosubstituted anilines and phenols and another for dic hloroanilines and dichlorophenols. Naturally, the use of four parameters leads to better agreement with the experimental data; a two-parameter equation is used here because it is not so much agreement with the experimental data that is of interest but the exceptional cases which are widely divergent.. The exceptions among the monosubstituted 'anilines and phenols are o-methyl, p-methoxy, and o-nitro compounds for which deviations from the straight line of figure 1 of 0.598 , -0_398 , and 1.359 , respectively, are found , a positive sign being used if the observed pKA value of a substituted aniline is gre ater than that calc ulated using eq (8)_ Three exce ption s are found among th e di s ubs tituted anilines and ph enols, the 4-chloro-2-methyl, 2-methyl-5-nitro, and 4-methyl-2-nitroanilines and phe nols _ The di screpancies amount to 0.448 , 0.51 0, and 1.166 , res pectively_ It will be noted that th er e is o-methyl s ub s titution in two instances and o-nitro substitution in the third. Both sub stituents lead to anomalies in th e monos ubs tituted
